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THE NEW YORK STATE REGENTS SYLLABUS IN 
INTERMEDIATE ALGEBRA.* 

By F. F. Decker. 

When your president declined my suggestion to furnish a 
substitute for this occasion he stated that he desired a college 
teacher to introduce the topic, a fact which I may seem to over- 
look, for I believe that in general the best course in secondary 
school algebra for the student who does not go to college is the 
best course for the one that does. I am in a position to view 
the product of the high school course, or perhaps I should say 
the better product, and I might give my conclusions as to the 
parts of the work that need stressing. I shall try. 

I must recognize that the training the student is to acquire 
before he reaches me is a function of many variables, including 
his capacity for training at an earlier age, his interests, and his 
possible future. If the early training that the research mathe- 
matician, the engineer, or the statistician should have differs 
from that which is best for the average pupil and must be ob- 
tained in the same classroom then I fear that these types must 
yield to their fellow students in the determination of the curricu- 
lum. I do not believe, however, that such a conflict exists. The 
algebra in permanent practical use will, in general, be the best 
that mathematics has to offer for the purpose. The ability to 
use it successfully will depend on a thorough knowledge of a 

* Read before the Middle States and Maryland Mathematics Teachers' 
Association at Buffalo, N. Y., April 27, 1918. 



2 THE MATHEMATICS TEACHER. 

minimum number of general principles and the power to think 
in terms of a minimum system of symbols, in order to attack a 
quantitative relationship when it falls within one's experience 
for the first time. This suggests exactly the training that is de- 
sirable for students who are to enter college. 

The backbone of the course then should be a considerable 
number of problems. They will not be practical problems in the 
sense of having the particular setting in which the student will 
meet them when he leaves school, for this is a matter which can- 
not be predicted. Nor will they be practical in the sense that he 
now solves them just as he will solve them later if he does en- 
counter them. Rather they will be practical from the point of 
view of the course, in that they will serve as an interesting con- 
crete introduction to the principles which we believe he should 
master and will provide a motive for mastering them. We 
should aim at only such skill in manipulation as is to be used in 
solving the problems, allowing liberally for leakage. 

In stressing the problems we may seem to be overlooking one 
side of the dual nature of algebra, that of the inner relations of 
mathematical truths to each other — algebra as a mathematical 
science, with all its elegance. We must not rob the student of 
this heritage; but in so far as it is separable from the study of 
the concrete quantitative side of the student's environment, it 
should follow, not precede. Then he will have the fundamental 
ideas that will enable him to appreciate algebra as an ordered sys- 
tem, and an interest in it. 

In the collection of sufficiently extensive lists of suitable prob- 
lems many teachers will no doubt need the assistance of the 
State Department, extended through the syllabus or otherwise — 
even after we secure the benefit of the suggested plan of the 
requirement of a license in mathematics for the teaching of 
mathematics. No attempt is made in this paper to propose any 
definite problems. Rather I venture to suggest the scope of the 
algebra which these problems should involve. 

The central idea of algebra seems to be the function. A very 
simple way to get a notion of the actual existence of functions 
together with their variation is, I believe, to plot them. I would 
introduce graphs very early in the course, the first functions 
plotted being preferably those arising in connection with arith- 
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metic; for example, percentage as a function of the base at a 
given rate or area of a rectangle as a function of the height 
with a given base, beginning with positive numbers only. Fol- 
lowing this I would suggest the algebraic manipulations of 
these formulas. The graphs of given data lead to many in- 
teresting problems. If the boy takes home to his father the 
graphs showing the rates at which ship tonnage is being de- 
stroyed by submarines, new tonnage is being completed, and 
submarines are being sunk, all plotted on the same axes, the 
father will not be asking why the boy is studying algebra. 

Long lists of exercises where the purpose is overlooked seem 
often to mean wasted time. For the student who advances to 
college mathematics the number of principles needed in alge- 
braic manipulation is not long and the benefits accruing from 
much routine practice tending toward rote application of these 
principles is often lost in the interim before the student reaches 
college. If he has previously thoroughly mastered a few prin- 
ciples he should soon find himself able to recall them readily. 
He should be expected to state the principles involved in his 
manipulation of forms whenever asked and he should frequently 
be asked, in class and on the examination. 

In considering the matter of dividing the work between ele- 
mentary and intermediate algebra we must consider that about 
77* per cent, of those who take elementary algebra leave school 
without taking intermediate. About 84* per cent, of those 
taking intermediate do not take advanced. It follows that the 
object of teaching elementary algebra must not be primarily that 
of training the student for the study of intermediate algebra as 
some such critics as Dr. Snedden say that it seems to be. It 
should be so taught as to make it thoroughly worth while for 
those who pursue the study of algebra no farther. 

Among some teachers of elementary algebra there is a feeling 
that it should be a course for the development of skill in manipu- 
lation to fit the student for later courses in algebra to which all 
matters of reasoning should as far as possible be relegated on 
the ground that the student can not reason at the age of thir- 
teen but will be able to do so later. This plan has at least 
two other objections in addition to the one just given. It leads 

* Vide author's table in this Journal, Vol. IX., No. 2. 
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to its own reductio ad absurdum in that we find the teachers of 
college freshmen, for example, wanting to leave the reasoning 
for sophomores, and so on. At the age of eleven or before — 
at that period when the child gets interested in telegraphy, in 
sign languages, and the like — he seems to be getting ready for 
reasoning in terms of algebraic symbols, if he be but given the 
opportunity to get clear ideas with reference to them and to prac- 
tice with them. He should start right ; and then if he comes to 
college his freshman algebra will appeal to him as a continua- 
tion of his earlier work and not as a new subject as many stu- 
dents seem now to regard it. No effort has been made in the 
preparation of the syllabus here suggested to confine the ele- 
mentary algebra to a course in manipulation based on model 
solutions. 

Before passing to a detailed syllabus of intermediate algebra 
it will be necessary to outline briefly the syllabus in elementary 
algebra presupposed. This will be done with reference to the 
elementary algebra syllabus now in use. 

A. The following omissions are suggested in so far as the brev- 

ity of the course demands : 

i. The removal of signs of aggregation in cases where any 
term is affected by more than two such signs. 

2. The factorization of .r n ± y n , where n is greater than 3. 

3. Most of proportion except the definition and a very few 

problems in which the proportions are treated as other 
equations. 

4. Most of the work of the reduction of surds and the fun- 

damental operations on surds. 

5. The square root of polynomial algebraic expressions, ex- 

cept by inspection. 

B. The following additions are presupposed: 

1. Variation, including the determination of the constant. 

2. Graphs, including: 

(a) Graphic representation of a function; 

(b) Interpolation by means of the graph; 

(c) Graphs of given data; 

(d) The graph of the linear equation ; 
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(e) Approximate solution by graphs of simultaneous 

linear equations ; 
(/) The graphic treatment of inconsistent and indeter- 
minate pairs of linear equations ; 
(g) Solution of the quadratic equation by graphs. 
I suggest the following syllabus in intermediate algebra: 
(The parts of the syllabus not starred are identical with parts of 
the current Regents syllabus in the subject.) 

A. A thorough review of elementary algebra including consider- 

able oral work. 

B. Factoring 

i. Trinomial form a* -f- a?b 2 + b*. 
*2. Simple polynomials of the third or fourth degree by the 

factor theorem, together with their graphs. 
*3- x n ±y", « > 3. 

C. Fractions. Simple types of fractions whose numerators and 

denominators are themselves fractions. 

D. Exponents and Radicals. 

1. Proof of (a) a m .a*—-a m +<i; (b) a m -=- a" = a">-«, m>q; 

(c) (a m )8=a m «; where m and q are positive integers. 

2. Meaning of negative, fractional and zero exponents. 
*3. The use of these exponents, including the use of nega- 
tive exponents in manipulating decimal proper frac- 
tions containing several zeros at the immediate right 
of the decimal point. 

*4. Application of the laws of exponents to the manipula- 
tion of surds. 

*5. Square root of a binomial quadratic surd by inspection, 
in simple cases only. 

*6. Incommensurable exponents, introduced by means of the 
graph of a x (e.g.,i6 x ) and the idea of continuity. 

*7. Theory of logarithms as exponents. 

*8. Computation by means of a four-place logarithm table. 

E. Quadratic equations both numerical and literal. 

1. Solution of affected quadratics (a) by factoring, (b) by 

formula. 

2. Relations between roots and coefficients. 
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3. Formation of an equation with two given roots. 
*4. Number of roots (a) never more than two, (b) applica- 
tion of the discriminant, (c) graphic illustration. 

F. Simultaneous equations. 

1. Two homogeneous equations of the second degree. 

2. Two symmetric equations, one of the third or fourth de- 
gree, readily solvable by dividing the variable member of one by 
the variable member of the other ; e. g., x + y = 5, x 3 + y 3 = 35- 

*3. Points of intersection of curves, with graphic approxima- 
tion. 

Good training at this point of a student's work should 
lead him to consider the possibility of some combination 
of the given equations resulting in simpler forms before 
employing a general routine method for the special case 
before him. Values obtained for the variables should be 
properly associated in presenting written answers. 

G. Binomial theorem. Application of the theorem in the case 

of the positive integral exponent, including the finding of 
the r-th term. 

H. Progressions. 

1. Arithmetical. 

(a) Proof that with the usual notation 

l = a-\- (n — i)d. 

(b) Proof that with the usual notation 

S=^(a + l)=^[ 2a + (n-i)d). 

(c) Applications depending on these formulas. 

2. Geometric. 

(a) Proof that with the usual notation / = ar"- 1 . 

(b) Proof that with the usual notation S=— I ~ r "^ 

1 — r 

(c) Proof that with the usual notation 5= - for 

1 — r 

an infinite series, r < 1. 

(d) Applications depending on these formulas. 
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The modifications of the present syllabus in intermediate al- 
gebra here suggested may be briefly stated. The introduction 
to graphic work is moved forward to elementary algebra in order 
that the student may have the aid of this simple device in his 
first year and so that, in case he pursues the study of algebra no 
farther, he may not be deprived of a tool so useful and so much 
used today outside the schoolroom. This tool is not to be al- 
lowed to become rusty during the study of intermediate algebra. 

The introduction to logarithms is placed in intermediate al- 
gebra. Consigning this topic to trigonometry has several dis- 
advantages. Many students who carry their mathematical study- 
through the course in trigonometry seem to get the idea that the 
usefulness of logarithms is confined to trigonometry. Those 
who do not reach trigonometry lose what is at once an important 
tool and an elegant system. In the separation of the treatment 
of exponents and logarithms the theory seems to contain a dis- 
continuity. The laws for commensurable exponents are care- 
fully proved and then the theory of logarithms is made to appear 
to rest on that of exponents. But most of the logarithms used 
are incommensurable ! The plan here proposed is to introduce 
incommensurable exponents with reference to the continuity of 
an exponential curve and to pass immediately to logarithms. 

The extraction of the square root of a binomial, one term of 
which is a quadratic surd, is to be omitted, except by the in- 
spection method, if the pressure of time demands it. 

The work is to be limited to the real domain. Imaginaries 
are to be studied with complex numbers in advanced algebra. 
This, I believe, will help clear up the all too common impression 
that complex numbers are, using the word with its popular 
meaning, imaginary. This plan will require the rephrasing of 
some of the work on quadratics, for example, when the discrimi- 
nant is negative the quadratic will have no roots. This inter- 
pretation will be very clearly pictured by the lack of points of 
intersection on the graph with the axis of abscissas. It will cor- 
respond also to the irreducibility, for example of x 2 + a 2 . 

In the report of the American Mathematical Society furnish- 
ing a " Definition of College Entrance Requirements "* in ele- 
mentary algebra, on which, we are told, the present syllabus in 

* Bulletin of the American Mathematical Society, Vol. X, No. 2, No- 
vember, 1903. 
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elementary and intermediate algebra is based, there is no mention 
of imaginary numbers and no indication as to whether the study 
of graphs is to be begun in elementary or intermediate algebra. 
On the other hand the use of the graph has been greatly ex- 
tended since the publication of that report in 1903. The report 
itself suggests a revision at the end of perhaps ten years to meet 
new conditions. 

A much later report, that of the Committee on the Teaching of 
Mathematics to Students of Engineering,! 191 1, calls for the 
teaching of logarithms in logical connection with the subject of 
exponents rather than with trigonometry. It also states that 
the radical sign, except in the case of square roots, and some- 
times in the case of cube roots, should always be replaced by 
fractional exponents, when it is desired to compute with these 
quantities, thus doing away with all special rules for the manipu- 
lations of radicals beyond the general laws of exponents. Such 
a treatment of radicals I have provided for. 

It is not my purpose to try to tell the teacher of the secondary 
school just how much can be accomplished in the time alloted to 
the study of elementary or intermediate algebra. If the pro- 
posed syllabus seems too brief it is to be remembered that its 
purpose is to outline a minimum course, to which the teacher 
may add ; while if appears too long I suggest the elimination of 
some part of it. I have prepared it on the hypothesis that the 
present syllabus outlines about the correct amount of work. 
What I am trying to do is to suggest some changes which I think 
will bring our excellent syllabus even more thoroughly into line 
with the best current thought in regard to secondary education. 

Syracusb University, 
Syracuse, ,N. Y. 

t " Syllabus of Mathematics," Society for the Promotion of Engineer- 
ing Education, 1912. 



